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DEEP FOUNDATION DESIGN

Lesson 8 - Topic 2
Pile Groups
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DEEP FOUNDATION DESIGN
Pile Groups
1. Recognize the Effects of Pile Spacing, 

Settlement and Negative Skin Friction

ACTIVITY: Question-Answer
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Pile Group Failure Modes

g Individual Pile Failure
gBlock Failure
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Individual Pile Failures

Pu = n Qu E     n = Number of Piles
E = Group Efficiency 

Qu

Failure Zone

Ground Surface

Pu
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Block Failure PU

D

B Failure Zone
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Group Efficiency Vs. Pile 
Spacing in Clay 
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Pile Spacing (Diameters) 
1 2 3 4

0.4

0.2

0.6

0.8

9 × 9 Group 
Length = 48 dia.

- Individual 
- Block Failure
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Pile Group Capacity in Sand

gFor general sand case use E = 100%

Pult = n Qult
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Pile Group Capacity in Clay

gFor center to center pile spacing of  3D
- E = 70%

gFor center to center pile spacing of 6D
- E = 100%

Pult = n E Qult
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Foundation

Zone of 
Settlement

Ground      
Prestressed 
by Pile Driving

Single Pile 
Load Test

Settlement of Pile Groups in 
Sand (After Skempton)
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General Concept of Distribution 
of Pile Group Loads   

Q Q

Q

L

L/3

2

1

Q

2

1
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Example Pressure Distribution 
for End Bearing Pile Groups

Soft Clay 

Sand

Soft Clay 

1H:2V H1

H2

nQa

L

BA
nQa

A, B  = Pile Group Dimensions
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Example Pressure Distribution 
for Friction Pile Groups

nQa

)3
LA)(3

LB(
nQa

++
H

1H:2V

1H:4VL 3
2 L

B, A = Pile Group Dimensions
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Settlement Magnitude

Where: ∆H = Settlement

H = Layer thickness

Cc = Compression Index

eo = Initial voids ratio

PO = Overburden Pressure

∆P = Change in Pressure

o
o

o
c

P
PPLog

e1
CHH ∆∆ +
+

=
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Negative Skin Friction 
Q

L1

Granular 
Fill

L2

Fc

Fg

Soft 
Clay

Rock

Original 
Ground 
Surface
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Pier 

Sand   γ =110 
φ = 36°

East Abutment

10′
11′

15′

25′

10′ Gravel     γ = 130
φ = 43° 10′

35′

7′

23′
Fill   γ = 130

φ = 40

Clay   γ = 125
c = 1100

(Assume Sensitivity = 2)

Assume Soil Profile Values 
Below

Consider Pile Group Problems at This Site. 
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Deep Foundation 
Design - Pile Groups
• Recognize the effect of pile 

spacing, settlement, and 
negative skin friction

Activities: Question - Answer
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